ABSTRACT
and this, together with the dysmyelination, was thought to be one of the possible mechanisms causing mental retardation in the PKU.
In this paper, operant brightness discriminative learning ability and certain neurochemical changes in the brain were investigated using experimental phenyl ketonuric rats.
MATERIALS AND METHODS

Experimental animals
Pregnant wistar albino rats were purchased from animal dealer (Japan Laboratory Animals Inc.). After delivery, eight pups were nursed by each dam for 21 days. After weaning, the pups were divided into two groups at random.
One group of pups was fed a normal diet for several months (control rats), and the other group of pups was fed a diet containing 7% L-phenylalanine (high phenylalanine diet) for several months (PKU rats) according to the procedure of Tsukada.10 Some pups were fed the high phenylalanine diet from weaning up to 3 months of age, and thereafter they were fed the normal diet for appropriate period (R-PKU rats). The normal and high phenylalanine diets were purchased from Oriental East Co. L-phenylalanine was a kind gift of Ajinomoto Co., Japan. On the first day of the learning experiment, rats were conditioned to press a bar under a continuous reinforcement schedule (CRF-80) in which bright light (8000 lux) was displayed on the front wall of a Skinner box using a food pellet (36 mg) as a reinforcer.
From the 2nd day of the experiment, they were trained under a variable interval extinction (VI) schedule. In this training, when bright light (8000 lux) was displayed on a stimulus panel as a positive stimulus (S'), bar-pressing response was reinforced under VI schedule. On the other hand, when dim light (80 lux) was displayed as a negative stimulus (S-), rein forcement was not available even by the bar-pressing response. Each daily session consisted of 20 S' and 20 S presentations, one presentation being 30 seconds. These conditioned stimuli were presented at random in accordance with the Gellerman series. The length of the variable interval (VI) of reinforcement was gradually increased from 5 seconds to 30 seconds. The correct response ratio (R'/R' +R-) was calculated from the number of correct response (R+) during S' presentation and the number of incorrect response (R-) during S presenta tion in each session. The criterion of the discriminative learning was set at a correct response ratio of 85% in three successive sessions . The training was continued until the rats were able to attain the criterion of the learning or for 40 sessions. The operation of the learning experiment was controlled by a micro computer (UP-8, Unitec Electronics Co.).
RESULTS
Amino
acid concentration in the gallium cerebri and plasma Table 2 Body weight (g), cerebral weight (g) and DNA content (mg) of 50-day-old and 7-month-old rats Table 3) . At both ages, the con centration of 5-HT and 5-HIAA in the pallium cerebri and brain stem decreased remarkably in the PKU rats. However, the concentration of 5-HT and 5-HIAA in the cerebrum had been restored to normal level in the R-PKU rats at the age of 4 months. The activities of CNPase in the various brain regions were measured as a marker of myelination in the central nervous system13 (Table 4 ). In the PKU rats, a significant decrease of CNPase activity was observed in the pallium cerebri and brain stem at the age of 4 months and 8 months, but there was no change of the activity in the cerebellum. In the R-PKU rats, the CNPase ac tivity still remained at a low level in the pallium cerebri and brain stem at the age of 7 months.
Shinichi
Kohsaka et al 
DISCUSSION
In the present paper, the correlation between discriminative learning ability and neurochemical changes such as the lowering of CNPase activity and the abnormal metabolism of 5-HT in the cerebrum was investigated on the PKU rats. The PKU rats were produced by subjecting rats to a diet containing 7% L-phenylalanine from the 22nd day of age for several months according to the method described by Tsukada.10 At the age of 50 days, a high accumulation of phenylalanine was observed in both the plasma and the cerebrum of the PKU rats (Table 1) . On the contrary, the concentration of aspartate and glutamate in the pallium cerebri decreased significantly and GABA tended to decrease. This might be due to the inhibition of carbohydrate metabolism by the accumulation 5-HT is thought to be one of the neurotransmitters in the central nervous system. Many investigators have reported the decrease of 5-HT concentration in the plasma and the brain of both the PKU animals and PKU patients,7s,1s-21 and it has been assumed to be one of the factors involved in the mental retarda tion in the PKU subject. The mechanism of the decrease of 5-HT in the brain has also been studied by number of investigators.
It is now believed that the decreases of tryptophan concentration and tryptophan hydroxylase activity in the cerebrum cause the depletion of 5-HT in the brain 3,20,22-24 In the present study, we have also shown that 5-HT and 5-HIAA concentration in the pallium cerebri and brain stem were decreased in the PKU rats at the age of 50 days and 4 months (Table 3 ). In the case of the R-PKU rats, however, the concentra tion of 5-HT and 5-HIAA in the pallium cerebri and brain stem showed normal values at the age of 4 months. An abnormal metabolism of 5-HT in the cerebrum of the PKU rats could be restored by feeding a normal diet due to the normaliza tion of phenylalanine concentration in the cerebrum.
CNPase is a marker enzyme of myelin sheath in the central nervous system,1) and the activity reflects well the degree of myelination in the central nervous system during the course of development. opment. If it is taken into account that the DNA concentration in the cerebrum showed a normal value in the PKU rats, the proliferation of oligodendroglia should be normal. However, the activity of CNPase showed lower level which might indicate that the maturation of oligodendroglia seems to be disturbed by the accumulation of phenylalanine during the postnatal development. This possi bly causes the dysmyelination in the cerebrum.
Whereas, in the cerebellum, CNPase activity showed no difference between the PKU and control rats. It seemed that cerebellar myelination is less sensitive to environmental factors than other parts of the brain. In the R-PKU rats, the activity of CNPase was still lower in the pallium cerebri and brain stem at the age of 7 months. It is suggested that the disturbance of myelination caused by amino acid inbalance during early postnatal period could not be restored by feeding a normal diet after the age of 3 months. In addition, the effect of the accumulation of tyrosine in the cerebrum on the dysmyelination should be considered.
Grundt & Hole29 reported that the incorporation of radioactive fatty acid into myelin fraction was suppressed in the PKU rats which were produced by the injection of phenylalanine and p-chloro-phenylalanine and having a low level of cerebral tyrosine. This result strongly suggested that the accumulation of phenylalanine but not tyrosine in the cerebrum is at least one of the factors involved dysmyeli nation.
The learning ability of the PKU animals has been examined by many in vestigators using T-maze learning, water maze learning, active avoidance learn ing or passive avoidance learning 30-3a There has been no report, however, con cerning operant discriminative learning ability in the PKU animals. In the pres ent study, operant brightness discriminative learning ability was examined on the PKU and R-PKU rats. The control rats were able to achieve the criterion of discriminative learning within 40 sessions, while the PKU and R-PKU rats could not attain this criterion within 40 sessions (Fig. 1) The decrease of cerebral 5-HT concentration is thought to be one of the mechanisms of mental retardation in the PKU subjects.32 However, it has been reported that in the PKU rats of which the cerebral 5-HT concentration has been increased by giving monoamine oxidase inhibitor, the learning ability on T-maze test was also poor. This result suggested that there is no correlation 
